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- MOTICl - 



This report is made in good faith and from 
information believed to be correct, but without any 
warranty, representation, endorseinent , approval or 
guarantee of any kind whatsoever, whether express or 
implied, with respect thereto, and in particular, the 
Cominission diaclairas any responsibility for the 
accuracy, completeniess or usefulness of the report 
and does not represent or warrant that the use of th© 
information contained in the report will conforni to 
the law or may not infringe any rights under the law. 

The Coiranission and its employees and agents 
shall not be liable in any manner whatsoever in 
respect of the information contained in the report, 
and any use of such inforraation shall be at the risk 
of the user . 



SUMMARY 



Several years ago the oxidatlori ditch was developed 
in the Netherlands, aa a low cost means of secondary sewage 
treatment for small communities, which could ill afford the 
expensive conventional treatment systems. Since that time 
aeveral hundred plants have been put into operation in Western 
Europe. More recently about a dozen oxidation ditch planta 
have been installed in Canada and the United States, 

To determine whether the oxidation ditch would be 
suitable for use in Ontario, a preliminary review of per- 
tinent literature and accumulated operating data was followed 
by an Inspection tour of oxidation ditch installations in the 
State of Oregon, the Province of British Columbia and the 
Province of Saskatchewan. Diecuaalon with government officials, 
consulting engineers and local authorities provided first-hand 
information regarding the performance, method and coat of 
construction, and operating and maintenance problems of the 
oxidation ditch. Operating records were analyzed. Testa 
were made to indicate the condition of the process. 

It may be concluded on the basis of the acquired 
information, that the oxidation ditch treatment ayetem is 
rather inexpensive to construct and simple to operate, and 
that it produces an acceptable effluent consistently. There- 
fore, the system merits consideration as an alternate means 
of waste treatment for small municipalities in Ontario. A 
comparative cost study conducted by the consulting engineer 
will indicate the most economical system for a particular 
locality, whether a lagoon, aerated lagoon or oxidation ditch. 
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EVAHJATION OF THE OXIDRTIOtI DITCIj 

ftS A MEANS OF 

WASTEWATER TREATMENT^H CNTARIO 



1. INTRODUCTION 



After a preliminary lacquaintance with the modified 
activated sludge proceas known aB "The Oxidation Ditch", 
the interest of the O^WRC in it began to grow, resulting In a 
review of available literature and an acquiring of operating 
data and auxiliary Information preferably from North Americari 
installations. It became readily apparent, that additional 
Information was urgently needed, before a decialon could b© 
raade on the auitabiiity and applicability of the OiKidatlon 
ditch in OntariO'. 

Since the oxidation ditch was iBpeclfically developed for 
Bmall conrununitiea , the treatment process should be competitiV'S 
with sewage lagoo^ns. both with reB.pect to capital and oparatliig' 
coata and required land area^ to be of practical value in 
Ontario, 

Therefore It waa decided to co'nduct an inapectlO'n tOiur 

of several oxidation ditch inatallatloniS in the State of 
Oregon, and Western Canada. The purpose of the tour was |a| 
to observe the operation of the plants and to evaluate the 
operating recordB where available, (b| to meet with State and 
Provincial Departments of Health to learn their opinion on 
the treatment process, (c) to dlecuee operating and maintenance 
probleimfl with the local author it iee in charge of the plants, 
and (d) to meet with Bevera_l consulting englneere to learn 
their experience with respect to design and construct io^n. 

It should be realized that such an inspection tour will 
amount to a cO'inpromise effort between (a) full reliance Qi|i 
literature reports and operating data received from the 
respective authoritieB, and (b] the carrying out of a pilot, 
or field scale study Oin an o^xldatlon ditch constructed in 
Ontario, and operating under local condltlona. 
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2. PRINCIPLES OF OPERATION OP THE OXIDATION DITCH 



Th© oxidation ditch treatrnent proceaa was the result of 
an exhaustive long terra research project conducted by the 
Research Institute for Public Health Engineering T.N.O., the 
Netherlands (i) , where the urgent need was realized for a 
reliable and economical meana of sewage treatment for small 
communities, since conventional treatment methods were too 
costly. 

The oxidation ditch is eaeentially an extended aeration 
process providing long term aeration, in excess of 24 hours. 
Sufficient oxygen is provided to stabilize the primary solids, 
as well as to remove the diasolved and colloidal BOD of the 
wastewater. An acceptable, well-purified effluent 1b pro- 
duced, along with a small excess of aeroblcally digested sludge, 
This means that the whole treatment plant needs to consist of 
an aeration tank and a means of sludge settlement. The excess 
sludge can be withdrawn periodically, and dried on drying 
beds, without causing obnoxious odours, thus primary sedi- 
mentation and sludge digestion beccme superfluous. 

The basic element of the plant being the aeration tank, 
an attempt was successfully made to keep the construction of 

it as simple and cheap as possible. A shallow ditch in the 
shape of a racetrack circuit was built as the aeration tank. 

(see Fig. 1) Since the ditch was used with a shallow depth 
of only 3 feet, expensive concrete structures were unnecessary. 
It was found, that in stable soils an earthen ditch would 
suffice, the sides having a slope of lil or lil.S. Grass soda 
were used originally to reinforce the sides of the ditch and 
to serve as protection against erosion. 

A modification of the Kessener brush was developed for 
use as air supply. The aeration rotor, being horizontally 
mounted, provided also circulation of the liquid in the ditch 
keeping the mixed liquor solids in suspension. A so-called 
cage rotor, 70 cm (27^ in.) in diameter was used predominantly. 
(sea Fig. 2) . 
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Again in an attenipt to keep construction costa to a 
minimum, the aeratlo^n ditch was. used also as a sludge aepa- 
ration unit by means O'f intermittent operation O'f the rotor. 
A neat Bchedule was devised for timer operation of the rotor 
and the raw sewage feed pump. When the rotor was operating, 
the raw sewage flow was stored in the wet well and in the 
fliewer system in the vicinity of the plant. The aeratoir wae 
turned off after a'boiut 4h hours aeration.. The mixed liquQir 
solids were allowed to^ Battle for a period of one hour, then 
the raw sewage pump started up, and the flow of sewage entering 
the ditch on one end displaced the clarified effluent through 
the overflow siphon at the other end of the ditch. The opera- 
tion of the punip waa float controlled, therefore when the level 
In the wet well had been reduced to a roiiniinura level, the pump 
etopped functioning, the discharge of effluent waa Btopped 
and the rotor was B.tarted up again tO' repeat the cycle. Float 
contrO'ls in the pump well were poa it loaned eO' that 1/4 of the 
average dry weather flow was admitted per cycle. 

It wae recognized that the intermittent pump operatiO'n 
with the resulting storage of sewage would cause problema 
under certain conditions. The risk of fihortclrcuit ing waa 
also realized during the diaplaceijient of clarified effluent, 
with subaequent deterioration of effluent quality. Several 
deaigna were tried out to facilitate co,ntinuouB separation of 
the sludge and thus continuous feeding of raw sewage and aera- 
tion. Theaei designs consisted mostly O'f modifications of the 
basic ditch layout, without resorting to a B.eparate clarifier 
with return sludge pump, again to keep the capital cost O'f 
the system to a minimum. In this connection it la interea.ting 
to note that moat ins tallat ions in North .Amerloa are equipped 
with an outside clarifier. {bb^b Fig. 3). 

The experimental work (l) waa conducted over a period of 
two years on an installation designed for a contributory 
population of 600. Subaequent measurementa of raw sewage BOD 
and the daily flow showed a maKimum loading of 365 population 
equivalents of 54 g BOD (= 0,12 lb,| or 256 population 
equivalents of 0',17 lb. The BOD loading was 12.2 Ib./l/O'OO 
cu. ft. per day, or 4.9 lb, BOD/100 lb. M.LSS based o^n a MLSa 
concentration of 4,00'0 mg/1 . The ob3,erved average daily flow 
was 70 m3 or 18,500 gallons (» 15,40'0 Imp. gallons ), giving 
a retention time of 34 hours. The expected dry weather flow 
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was 40 m^ per day. This coropared with a neaaured D.W.F. of 
3a ra^ per day or 10,000 gallons (=8,400' Imp, gallons). This 
flow occurred during the winter period when frost penetration 
eliminated groundwater inf iltratiO'n. 

Effluent BOD concentratiO'np were generally 10 mg/1 or leB.fli, 

thua 'the treatment aystem proved capable of an average removal 
efficiency of 97 per cent on the basis of an average BOD' of 
280 mg/1 in the raw sewage,. FrecautionB were taken not. to 

include the oxygen demand of nitrifying organisms in the effluent 
BOD determinationa. Experimental results also showed the develop- 
ment of a well-set tleable sludge. Sludge volume index values 
were conBiB.tently low with a maxirauro of 74 ml/hr/g. The rolxad 
liquor contained an average of 3,,0'00 mg/l B.uspended solids, 
witn a maximu'm concentration of 5,450 mg/1. The ash content 
varied between 20 and 32 per cent. This doea not naceB^aarily 
indicate a highly mineralized sludge. 

Although no specific data were provided (1) regarding the 
OKygenation capacity of the rotor installed in the experimental 
plant, sampling showed adequate cOincentrationH of diaeolved 
oxygen in the mixed liquor. At the start of an aeration period 
the^D.O'. concentration varied between and 1 irig/l, increaaing 
to 3 and 4 mg/1 towarda the end of the 4 1/2 hour aeration period. 

Recent experience with a full-scale oxidation ditch plant 

(2| ehowed some evidence of a dual proceea, of nitrification and 

denitrificatioin occurring in the mixed liquor. Under 
conditions of adequate aeration complete nitrification of the 
free ammonia caused a nitrate content of 50 mg/1 M in. the 
plant effluent. To prevent sludge rising in the clarifiier dua 
to denitrif ication the oxygenation capacity of the rotor was 
reduced by decreasing the rotor InwierHion and/or the houra of 
aeration. ha a res.ult the nitrate concentration in the 
effluent dropped to near zero„ After maintaining the reduced 
.rate of aeration for several months, chemical analysia of tha 
effluent ehowad low concentrations of ammonia and nitrate, 
virtually no dia.Bolved oxygen, and low B.OO« a. (average of 1.4 
aamples 5 mg/1) ... The mixed liquor dissolved oxygen content 
waa zero at a point 10 m (32,8 ft.) upstream of the rotor. 
It iiB very interesting to .note that similar obaervations were 
made during the In.apection Tour, at least with ra:a.pect to 
diB.eolved o^xygen in mixed liquor and effluent, and to .BOO of 
the ef fluent, . 
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In this aame context refer enee sbould be made to the 
work of Johnson and Sehroepf er (3) , on the removal of nitrogen 

by nitrification and denitrif ication in a modification o-f the 
activated sludge prOiCess, The mQdif ication consiated eaaen- 
tially of adding a holding tank, in v*i.ich the aeration tank 
mixed liquor was kept in circulation in the abaence of oKygen, 
The only source of oxygen was the chemically-bound oxygen of 
the nitrate content «, Under these eonditiona the nitrate 
nitrogen was reduced tO' free nitrogen. The rate of nitrate 
removal could be significantly increaa.ed by adding untreated 
wastewater to^ the holding tank. 

The design of the oxidation ditch conibines an aeration 
tank and a holding tank intO' a B,ingle units the aeration 
.rotor eirculates the mixed liquor through the whole ditch, 
'but aeration occura only in the vicinity of the rotor.. As 
a result the disaolvad OKygen content of the mixed li.quor 
will continuously decrease from a maximum value immediately 
dowin,stre:aM of the ro^tor tO' a ntinimum value upatreani of the 
rotor. Depending on the o^xygen requirenients of the systew 
and on the O'xygenation capacity of the rotor, miniroum D.O. 
values approach zeico rag/1. Since raw waatewater is fed 
continuously tO' the ditch, it way serve to accelerate the 
denitrif ication process, when the raiKed liquor paaaea 
through the "anaerobic" zone of the ditch. 

Although dissolved oxygen levele of 0,, 5 mg/1 or leas 
axe unacceptable for the conventional activated sludge process^ 
it would appear that the biochemical procea.se3 in the oxidation 
ditch mixed liquor are not adversely affected by low concen- 
trations of dissolved oxygen, Tliis raay be the reeult of the 
very low loadings for which an. oxidation ditch ia de3ig.ned, 
i.e. 0,05 lb, BOD per lb. MLSS per day. 

Pasveer (2) ia careful to point out that additional work 
im necessary,, before a definite statement can be made with, 
.respect to denitrif ication in the O'Xidation ditch „ He al.ao 
indieatea that a strongly nitrifying flora must be pre'Sent 

before denitrif ication ca.n start under conditions of reduced 
a.eratio,n, Hi,B findings show that denitrif ication may be 
pO'Bsible without extra power coats. 

After completion of the baaic reBe.arch o,n the O'Xidatlon 
ditch in 1957, the treatwent proceea was .quickly accepted. 
Several hundred oxidation ditcheB have been IriBtalled in the 
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Fig. 2 
CAGE ROTOR 




Fig. 3 
OXIDATION DITCH TRIATMI'HT 
PLANT AT STAYTON,,, OREG, 

COiUrteey Western Ways Inc. 
Cor va 1 1 i s , Or e g . 



3. PIE:LD OB.SERVATIONS 



To obtain a more aecuxate picttire O'f the actual opera- 
ting conditiO'ns of a plant, it wag decided to measure the 
dissolved oxyger!, content of the raixed liquor and the final 

©ffluent by means O'f a Pro-Tecli Dissolved O^scygen Meter, 

Determination of dissolved oxytjen m tho inixod licjuor 
was limited by the lO-ft, long cord conncct.iny tb.e. D.O, 
probe to the instrument icsolf. V^iere a walk bridqe way 
laid across tho ditch, iiicasurora>:'nts weru always made at the 
centre of the ditcVi up to one foot below the licjT.iid level. 
In the absence of a walk bridge, D.O. determinations were made 
from one of the sides. Tho rate of oxygen utilization of tho 
mixed liquor was also measured, using the D.O. meter combined 
with a s^^ecially constructed cell. Samples for this deter- 
mination were usuc'illy taken at a point up to 20 ft, downctreara 
of the rotor, ag^iin depending on tho physical layout of t.)io 
ditch . 

Asguming steady state conditions in the aeration 
system, the actual rate of aeration may be calculated froii 
the rate of oxygen utilization, the dissolved oxygen and 
the temperature of the mixed liquor {4| . Generally this 
rate O'f aeration will be less than the oxygenation capacity 
determined under similar conditiO',ns of rotor speed and 
immersion in tapwater at 0.0 mg/l D.O. and 20Oc:. it sliould 
be pO'inted out, that the steady state technique will at beat 
give an approxijnation of the actual rate of aeration, mainly 
because operating eo^nditiona in an aeration systemi are no't 
■"steady etate*', but continuously varying thiroughoiut the day. 
Also the rate o^f oxygen utlliEation dependa, on the disaolved 
O'xygen content O'f the nixed liquo^r, below a mlnimura value 
of 0.5 mg/l D.O. When the D^O, falls below 0,5 mg/l, the 
rate of OKygen utilization increases sometimes to double 
its value, This means that unreliable reaulta m,ay ba obtained 
if the D.O. is less than 0.5 mg/l. 

Other observations made during a plant visit consisted 

of the 30'-mlnute settling test, measyring the speed of 
rotatiO'n and the immerBion O'f the rotor, estimating the daily 
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plant floWj and a general visual inspection. Where available^ 
plant operating records were analyzed. 

In the following pages, the several inatallatlona are 
discussed in the order of the inspection tour^ The diseuaaion 
on each plant is subdivided into four eectionat 

1) description of plant layout and contributory population, 

2) operation of the plant, 

3) required maintenance and operator* a time, 

4) capital cost, 

3.1 BEAVERTOM, OREGOM 

Tektronix, Inc., treatment plant for the aanitary wastes 
of the company. 

3.1.1 Description of Plant Layout and Contributory Population 

The plant was installed for the treatment of the company's 
segregated aanitary wastes. In addition to the sanitary 
wastes £rcm the industry, the oxidation ditch also receivea 
waste water from an ice cream parlor, a shopping plaza, a 
bowling alley and a small trailer court. The trailer court 
provides a small but continuous load over the weekend, because 
the industry operates on a 5-day week basis. 

Approximately 4,000 people are employed by Tektronix, nioat 
of whom work in the daytime only. Therefore the treatment 
process receives the major part of its organic loading between 
BiOO a.m. and 5; 00 p.m. 

All flows arrive at the plant aite by gravity, flowing 
into a pumping station. Originally the wastewater was pumped 
from here to the municipal treatment plant at Beaverton, 
Cost studies had shown t>'.at a separate oxidation ditch treat- 
ment plant would be more economical than pumping the sewage 
to Beaverton and paying the coat of treatment to the municipa- 
lity. 

The treatment plant was constructed on a tract of land 
adjacent to the pumping station and the Beaverton Creek. The 
plant consisted of an oxidation ditch, a secondary clarifier 
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and a chlorine contact baa in, h flow meter waa installed on 
a Parshall fluima,,, through which the lef fluent from the 

elarifiec flowed intO' the chlorine contact basin, Th.e 
clarifier was built above grade,, This, made it necessary tO' 
pump the effluent from the ditch intO' the clarifier. The 
return sludge flowed by gravity intO' the aitch. 'The imixeii 
liitlUiOr flowed by gravity from the ditch into^ the clarifier 
pump wall. The gravity flows O'f both the nixed liquor and 
the return sludge could be controlled by means of adjustable 
telescopic valvea. However the operation of the clarifier 
was in effect intemiiittent, because the feed, pump was float- 
controlled. Due to the continuous withdrawal o^f return, 
sludge the level in the cla,rifier dropped below the weir, 
whenever the feed purap was not operating. 

Land area wag available for converaion to aludge dryi,ng 
beds. 'I#ien the plant was visited^, there had been nO' need 
for regular sludge wasting during the first year of operation » 

The raw w^astee were puMped directly into the ditch 
without screening or coram inut ion? the feed pipe terminated a 
few feet upatream ot the ea,st rotor in a tee. 

The ditch was, fully lined with a 2% - 2^ inch thick 
layer of 'gu.nnite. Oxygen, and circulation were provided by 
two cage rotors,.. They were mounted, at oppO'Site ends of the 
parallel channels of the ditch, and ,meaaured 10 ft. long and 
27*i in, in diameter each. Each w,a,s driven at 7 5 rpm by a 
1.5 HP ttotor. 

Settled ,aludge from the clarifier returned to the ditch 
by gravity, entered also iiwnediately upstre.aji, of the ea,st 
rotor. The mixed liquor was discharged from the ditch through 
a lOi-in. diameter gravity line to the clarifier pump well. 
'Th,e di Si charge line was connected to a aha I low sump at the eatot 
e.nd of the ditch. 

The plant is equipped with a Bmall but functional control 

laboratory, where routine control te,Bts can be carried out, ,BUch, 
aa aiettleable ,aolida, di,3Bolved oxygen,, BO,D, pH,, chlorine 
reaidu,ale The Company's chemical laboratory has faeilitie,B 
available for the doterniinatlo,n O'f B,ua,pended Bolid,a and, volatile 
Bolid,e, thua fairly complete plant operating records could be 
kept , 
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3.1,2 Operation of the Plant 

The treatment process was put on streara in June 196 3, 
Operating records were kept from July 1st on. As could be 
BKpected, an activated sludge developed in the aerated sewage. 
The mixed li^quor suspended solids concentration was increasing 
gradually according to daily results of the 30~minute settling 
teist- This was also indicated by suspended solids deterraina- 
tions. The MLSS increased from 2,00'0 mg/l in Au^guat to 
2,50^ in Septeniber to 4,0'00 in No-^ember and 4,^900' pg/1 in 
December, In February 1964,, an MLSS content of 7.600 mg/l 
was observed. Some sludge waa wasted in March, thereby 
reducing the MLSS to 6,700. mg/l. By May, the MLSS had in- 
creased ' again to 7,700' mg/l, one Bample showing 8,100 mg/l. 

VhB hydraulic load increas,ed to a value of 130.,, 000 gpd 

bv the end 'of July 1963. A further increase was noted by 
October 1963, to a flow of approKimately 170.000 gpd. The 

plant flow remained more or less constant at this level,. The 
average daily flow was 170.000 gpd for the period of October 
to December, 

During the plant inspection, conducted in the week of 
May ,25. the daily flows varied a,B, shown in Table I. Totalized 
flcwawere measured on a 24-hr. basis at approxiaately li 30 P.p. 

Table I 



Date 
•Tuesday, ,May 26 

Wednesday, May 2:7 19,3,800 

fhursday. May 28 130,400 

p,riday,, May 2d 95,000 

Saturdaf, May 30' 83,400 



Daily Flow Through The Planjt 

Volume {gallons) Co^nMnents 

170,200 



full load 

full load 



skeleton staff o^nly 
for inventory 

,Meraorlal Day Holiday 
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The full load f Imjr ratea compare well with the couputecl 
average dally flow of 162,000 galloaa . The shutdown In plant 
Qparatlona on Thursday did not coincide with the 24 hour flow 
meaflurlng period beginning at liSO p. it. the previoua day and 
therefor© the actual flow for this calendar day will be 
eonaldarably lower than Indicated, Escaase the flow {uater Is 
Inatallad on the plant effluent, any volume diacharged from the 
plant as waste aludge will not be recorded. Since sludge was 
wasted on Friday and Satiirday, the correapondlng flow data 
should be increased by about 12,000 gallons. 

Utue to the very high auBpended BolidB content, the 
settleabllity of the mixed liquor had deteriorated con- 
aiderably. When the plant was inspected, the mixed liquor 
eolids occupied 98 per cant of the original volum© after 
settling for 30' minutes. By roeana of Intermittent sludge 
wasting over the period of May 29 to June 1, the MLSS were 
reduced to 5,900 mg/l. However, the settleability had not 
Improved. 

The BOD removal efficiency of the treatment plant may 
be estimated from the BOD results on samples of the raw 
sewage and the final effluent. All raw aewage Bamples are 
grab earaples, whereas a continuoua aampler was ina tailed on 
the final effluent in October 1963, giving 24-hour compoaite 
saraplefl, The BOD results on the raw sewage are aunmarized in 
Table II. 

^able II 
BOD of Haw Sewage Bas^sd on ^rab SaaplgB 

Number of BOD mq/l 

Feriod S amplea Low High Jive rage 

July - September 1963 2 7 84 347 210 

October - December 1963 22 66 2 31 150 

January - May 1964 39 44 228 137 

The degree of treatmant may be eatlmated from the final effluent 
BOD reaults on the 24-hour compoaite aamplefl . In the period of 
October to December, 91 per cent of 22 flamplee ahowed BOD' a 
leas than 25 mg/1, and 68 per cent of the samplea showed BOD' a 
equal tO' or less than 15 mg/1 . 
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Froin January to May a sniall improvement was obaerved 
in the BOD removal: 93 per cent of 41 saiBpIea showed BOD" a 
equal to or less than 15 mg/1, and 71 per cent of the samples 
showed bod's equal to or lesa than 10 rag/1. However in thia 
sarae period, the average BOD of the raw sewage decreased 
Bomewhat as is shown in Table II, 

In an attempt to determine the approximate detention 
time in the system baaed on the average daily flow, the volume 
of the oxidation ditch and of the clarifier were calculated. 
With a liquid level of 3 ft., the volume of the ditch is 
182,200 gallons. When the level is raised one inch, the 
volume increases by 6,000 gallons. Wlien the level is raised 
three inches to 39 inches, the volume in the ditch becomes 
200,400 gallons. Under normal operating conditions, the 
liquid level may vary between 36 and 39 inches. It should 
be noted, that the maximum volume per foot of rotor, or ^P9tf^99 
= 10,020 gallons per foot is well below the limiting 
design value of 16,000 gallons per foot (5), required for 
lined ditches in order to maintain adequate circulation velo- 
cities and thus to prevent sedimentation of mixed liquor solids, 

^he approximate detention time, based on an average 
dally flow of 182,000 gallons and an average ditch volume of 
188.000 gallons, may be calculated as 188,000 x 24 - 25 hours, 

182,000 

The volume of the clarifier was calculated as 40,500 
gallons. On the basis of the average daily flow, the detention 
time would be 40, 500 x 24 - 5,4 hours. However, for an 

182,000 
accurate deteonination, the rate of sludge return should ba 
estimated. The gravity return rate was controlled by a tele- 
scopic valve, which was not calibrated. Only when sludge was 
Wasted on May 29th could the return rate be estimated by 
measuring the drop of the liquid level in the ditch. On this 
basis, the rate of sludge return may be assumed to be approxi- 
mately equal to the daily flow through the plant. On several 
occasions the return rate appeared to be well in excess of 
the flow rate of final effluent from the clarifier. The 
actual detention time in the clarifier is reduced to 2.7 hours 
or less. 

As an operating routine, the east rotor was run continuqualy 
and the west rotor was run from 10s 00 a,m. to 4t00 p.m. 
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Initial d.isaolved OKygen niea,siirem«i.ta on Tuesday liorniiig. 
May 2:6th, showed a dissolved oxygen content of only Oi,2 rtig/l 
upstraam of the east rotor. The D„Oi„ probe was held in the 
centre o^f the ditch from the walk bridge. Inaniediately down- 
stream, Oif the east rotor, a dissolved oxygen concentration of 
2.2 mg/l was observed,. At lOiOO a,,ra„ the wast, rotor was 
turned on,, About 10 minutea late,r, the D,0, upstream Q,f the 
east rotor had increased to 0.5 rag/l, but by lliOO a.io. it 
had fallen off to zbxo. At llilO' a.m. the D'.O, do'wnatream 
of the e,aat rotor was only 0,3 mg/l. 

Because of the .apparent oixygen deficiency of the ,sy3,teimg 
it was reoQitimended that the west rotor also be run, contin- 
uously in an attem,pt to provide the m,ax,ijTiuiti available quantity 
of O'Xygen to the mixed liquor. 

However, a D.O, aurvey at 4:30' p.m. on May 2,6th failed 
to show a significant increase in dissolved oxygen throughout 
the ditch. A maximum 0^,0. conce,ntration of 0,7 mg/l was 
observed,. At 8j45 p,m,, another D,0. ,su,rvey was run. ,As 
before, m,easu,reraent3 were made, up,streara and downstream of 
both, rotors. Observed D,,,0,*s ra,nged froim 2.9 to. 3 , ,3 ,mg/l. 
It was evident, then that with a decrease i,n plant loading at 
the end of the wot'king d,ay, the system wa,a able to recover 
completely from the Lack o.f oxygen throughout the day, 

Sdmilar O'Xygen deficiencies were observed oa May 27, 
Ju,ne 4 and 5, On each of those days the t,reatra,ent plant 
received the ,£ull, dai,ly flow. Dissolved, oixygen concentratiooa 
varied between 0,0' and Oi.S mg/l. On June 4 a D.O'„ aurvey was 
conducted in the evening. The results showed again a signi- 
ficant recovery with D.O'.'s ranging from 2.7 to 3.9 mg/l. 

Prom these obaerv,ation3 it m,ay be deduced, that the 

operation of the tre,a'tiient process may not be affected adversely 
by the daytime oxygen deficiency, because the system is able 
tOi mai,ntai„n adequate concentrations O'f dissolved ojcygen as 

BQon as the organic lO'ad is reduced at the end oi the workiiniif 
d,ay (i.e,, about 5s 00 p.m.). 

Dissolved oKyge,n surveys ware also conducted on May 28, 
■wh,en the industry was virtually shut down except for a ske,leton 
,ataff,, and on May 29 when the plant was shut down for the 
M'em,orial ,Day holiday. The reduction in trea'fcment plant loading 
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is only partly shovm by the 24-hr, flow records as ahovm In 
Table I, Perhaps the sanitary wastes from the industry are 
low volume but high strength. It is interesting to note that 
on both days, a minimum D.O. of 4.0 mg/1 was maintained with 
both rotors in operation. There was no appreciable decrease 
Of dissolved oxygen throughout the day on May 28, In the 
morning of May 29, the D.O. in the ditch had increased to 
5.8 mg/1. Since no increase in plant loading was anticipated, 
the west rotor was turned off until early Monday morning 
(June 1) when the full daily load could be expected again, 
About five hours later, the dissolved oxygen upstream of the 
east rotor had decreased to 2.2 mg/1. Downstream of the 
rotor, the D.O. was 3.3 mg/l. This indicated that a single 
rotor was able to maintain adequate dissolved oxygen levels 
under conditions of reduced plant load. 

As part of several extended D.O. surveys disaolved oxy- 
gen concentrations were also determined in the return sludga, 
the clarified effluent and the effluent flowing through the 
Parshall flume. On May 27 the clarified effluent and the 
return sludge both showed 0,0 mg/1 D.O., whereas the effluent 
in the Parshall flume contained 6.2 rag/1 D.O. The observed 
increase in D.O. is the result of aeration occurring as the 
effluent drops through 9 ft. from the clarifier launder to 
the inlet channel of the Parshall flume. On June 4 the return 
sludge contained 0,0 rag/l D.O. and the clarified effluent 
0.1 mg/1. These observations coincided with previously 
discussed oxygen deficiencieB in the mixed liquor, and with 
the sludge blanket in the clarifier rising to within a few 
inches of the liquid surface. 

During the period of reduced plant loading on May 28, 
the rate of sludge return was increased in an attempt to lower 
the sludge blanket in the clarifier. While this succeeded, 
there was no improvement in the dissolved oxygen content of 
the return sludge. The clarified effluent showed 0.3 mg/1 D.O, 
On May 29 under continued reduced plant loading, the return 
sludge contained 1,4 mg/1 and the clarified effluent 1,0 mg/1 
dissolved oxygen, compared with a mixed liquor D.O, of 5^4 mg/1 
(measured at the clarifier pump well) . When the mixed liquor 
D.O. dropped to 2.0 mg/l five hours after the west rotor was 
turned off, the return sludge contained 0.3 mg/l and the 
clarified effluent 0.8 mg/l D,0, 
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The raeaaured rates of oxygen utilization were Iom, varying 
Tbatween 6.9 and 2 3.4 mg/l/hr., in spite of the very high mixed 

liquor suapended solids concentration in excess of 7,000 nsg/l. 
The observed utilization rates as well as the calculated rates 
of aeration at 0,0 mg/l D.O, are tabulated in fable III, 
Saturation values of D.O. in mixed liquor were assumed to be 
90 per cent of tapwater aaturation valuea due to the high .MLSS , 

Table III 



RateH of Oxyqen Dtilization and Rates of Aeration 



Date 
1964 

May 26, 



Teat Temp. 

NO. ^C 



2 s SO pm 
9tl0 pn 



20.0 
20,0 



Rat© of 
D.O. Resp.Rate Ci Ci-Ci Kls Aeration 
mq/l mq/l/hr. mg/l img/l l/hr . roq/l/hr. 



0.4 
3.0 



23.4 
9 9 



8.3 
8.3 



5.3 1.87 



15.5 



May 27, 10:10 am 3 11.5 2,7 6.9 8.7 6.0 1.15 10.0 

10i49 am 4 17.5 1.5 15.0 8.7 7.2 2.08 IB. I 

lli2a an 5 18.1 1.75 9,6 8,6 6.85 1.4 12.0 



May 28, 3il5 pm 6 18.1 4.3 8,1 

3i58 pm 7 18.1 - 7.2 

May 29. 10s 13 am 8 16.5 5.9 7.2 

1:54 pm 9 17.5 3.7 7.8 



8,6 4.3 1.88 16.2 

8.6 - 

8.85 2.95 2.44 21.6 

8.7 5.0 1.56 13.6* 



June 4, Si 15 pm 10 19.5 3.7 10.8 
June 5, 4 1 35 pm 11 19.0 0.3 16.7 



8.35 4.65 2.32 
8.4 



19.4 



* - West rO'tO'r waa no't operating. 

SiiiultaneouB measurement of the dissolved oxygen concen- 
tration showed that low D.O.'s, 0„3 mg/l, correaponded to 
relatively high utilization rates, 16.7 and 2 3,4 mg/l/hr. 
Converaelyj high D„0, levels correctly indicated low utilization 
rates, 7.2 to 10.8 mg/l/hr., such as were observed during evening 
recoveries and the period of reduced plant loading. 

The tabulated data in Table IH deraonBtrate the abaence 
of ateady-state conditiona in the aeration system. The average 
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calculated rate of aeration, excluding tast No. 9, is approxi- 
mately 16 rag/l/hr. at zero D.O. Rates of aeration were not 
calculated for tests No. 1 and 11, because the corresponding 
D.O, concentrations were lees than 0.5 ing/1. 

To compute the corresponding rate of aeration in tapwater, 
an average rotor immersion must be assumed, because liquid 
levels in the ditch varied throughout the day, and also 
because the liquid level was not measured for every deter- 
mination of utilization rate. Based on actual level meaaure- 
iQents, 37 inches appears to be a reasonable average, corre- 
sponding to a rotor immersion of 7 inches and a ditch volume 
of 188,000 gallons. For a rotor speed of 7 5 rpm the rate of 
aeration is 2.2 lb. ©2 per hour per foot of rotor, on the 
basis of aeration test data obtained at the Iowa State Univer- 
Bity (6) . Since the ditch is equipped with 20 ft. of rotor, the 
theoretical rate of aeration would be 2.2 x 20 x 1Q6 = 28 mg/lAir. 

188,000 X 8.34 

To compare the theoretical rate with the actual rate of 
aeration the effect of the mixed liquor composition on the 
oxygen transfer coefficient and on the oxygen saturation 
value should be recognized. Assuming a decrease of the 
transfer coefficient of 15 per cent as compared to tapwater, 
and a mixed liquor saturation value of 90 per cent of the 
saturation value in tapwater, the computed rate of aeration 
becomes 0,85 x 0,90 x 28 = 21 rng/l/hr. It should be noted 
that the correction factors are assumed, and do not neceaearily 
correspond to actual operating conditions. On the other hand, 
the average rate of aeration may be subject to correction due 
to the absence of steady state conditions. 

Although the data on the composition of the raw sewage 
are provided only by grab Baraples rather than 24-hr. compoaito 
samples taken proportionally to the flow, it is felt that 
the daily organic loading can be approximated using the 
average of a large number of grab sample BOD*e and the average 
daily flows corresponding to the days of sampling. On the 
baaia of 39 grab aamples over the period January to May 1964, 
the average raw sewage BOD in the daytime was 137 mg/l (from 
Table II), "Plie average daily flow in the same period was 
182,000 gpd. The average organic loading would be 137 x 182,000 
X 8,34 " 208 lb. BOD/day. To^ 
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Design practice in the Netherlands (2) has been to 
provide 2 lb. 02/lb. BOD applied, based on tapwater aeration 
teat data. The oxygenation capacity (OC) of the aeration 
system will be 2.2 x 20 x 24 = 1,056 lb. 02/day. The ratio 
OC/load becomes 1056 = 5 lb, 02/lb, BOD applied. In spite 

208 
of the apparently adequate OC of the system, a definite 
oxygen deficiency was observed during the daytime periods 
of the week days. It is possible that grab samples do not 
provide an accurate picture, although sampling was always 
carried out in the daytime. Due to the uneven distribution 
of plant loading over a 24-hr. period, the actual daytime 
loading could be considerably higher, thereby decreasing the 
daytime OC/load ratio. 

Adopting an OC/load ratio = 2 as design criterion allows 
for a 25 per cent reduction in oxygen transfer when aeration 
of mixed liquor is compared with tapwater aeration testa. 
Specific plant operating conditions may affect this reduction, 
It is possible that the actual reduction in oxygen transfer 
was greater than the allowed 25 per cent due to the very high 
solids content of the mixed liquor. 

Assuming that the high MLSS concentration acts as a 
physical hindrance to oxygen transfer, it may be supposed 
that a satisfactory dissolved oxygen concentration can be 
maintained when the MLSS are reduced to a more normal range 
of 3,500 to 4,000 mg/1 by controlled sludge wasting, 

3.1.3 Maintenance 



During the past year much difficulty has been experienced 
with mechanical maintenance of the aeration equipment. Weak 
points were the speed reducers, rotor bearings and rotor 
shaft. Size 1 speed reducers had been installed, but these 
are suitable for a uniform load only, whereas the actual load 
may be considered as an intermittent shock load resulting 
from the action of the rotor blades on the liquid^ Size 2 
speed reducers are specially designed for intermittent shock- 
loads and will be installed, replacing the present size 1 
speed reducers. 

The rotors were equipped with non-slip gear-type belt 
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drives. These belts were subject to repeated breakage. It 
was decided to replace these with regular V-belta to provide 
the req[uired amount of slippage. 

The original design of the rotor shafts was also found to 

be inadequate, resulting in shearing of the shaft at the rotor. 
By a trial and error procedure it was learned that the solid 
stub shafts on each end of a rotor should enter the hollow 
rotor shaft well beyond each end plate of the cage. 

On the basis of these maintenance problems , the equip- 
ment manufacturer has revised the design of the rotors and 
has agreed to replace the equipment. 

The operating time required is about 12 man-hours per 
week. The operator determines the BOD content of the raw 
sewage and the final effluent twice weekly besides the routine 
plant maintenance duties. In addition to the above operating 
procedure, the telescopic overflow valves of the ditch 
effluent and the return sludge are checked once every shift 
by a member of the industry's maintenance crew. There is a 
tendency for rags to collect at the top of the valves and 
to interfere with the flow of liquid, 

3.1.4 Capital Coat 

A figure of |66,000 was given as the capital cost of 
the installation. Included in this amount are the ditch, 
rotors, clarifier, chlorinator and contact basin, control 
room and the fence. The plant was constructed on a four-acre 
tract of land which was the property of the industry. There- 
fore, the coat of land was not included in the capital cost. 
Neither were the collection system and pumping station included, 
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3.2 CITY OF STAYTON, OREGON 

Municipal waste treatment plant. 

3,2.1 Description of Plant LayQut and Contributory Population 

The oxidation ditch treatment plant was installed to treat 
the municipal waste water of the City of Stay ton. The esti- 
mated present population is 2,200, the plant having been 
designed for an ultimate population of 3,500. The design 
average daily flow was estimated at 430,000 gpd. The plant 
loading in terms of 5-day BOD was estimated at 630 lb. par day. 

The treatment plant consists of a comminutor, an 
oxidation ditch, a clarifier and a chlorine contact chamber 
equipped with a 90° V-notch weir flow meter. The chlorinated 
effluent flows through an outfall ditch into the North Santiam 
River. 

Raw sewage flows into the plant by gravity continuously. 
It passes through the comminutor and flows into the oxidation 
ditch just upstream of the north rotor. Adjacent to the 
raw sewage inlet is the return sludge inlet. Mixed liquor 
flows by gravity from the north end of the ditch into the 
clarifier. The liquid level in the ditch is fixed by the 
position of the peripheral weir of the clarifier. A skimmer 
continuously removes scum from the clarifier surface. The 
colleGted Hcum is returned to the ditch. Clarified effluent 
flows by gravity into the chlorine contact chamber, and passing 
over the V-notch weir into the outfall ditch „ Settled sludge 
ia returned to the ditch by means of return sludge pumps. To 
waste sludge the same pumps can pump settled sludge from the 
clarifier to sludge drying beds also located on the plant 
property. 

The oxidation ditch is lined with a three- inch thick 
layer of shotcrete reinforced with wire mesh. Two cage rotors 
are installed at opposite ends of the parallel channels of 
the ditch. Each rotor measures ten feet long and 21^ inches 
in diameter, and is driven by a 7*s HP motor at 85 rpm and 
7 inches immersion. 

A control building contains the necessary electrical 
controls and chlorinating equipment, as well as a small laboratory. 



- 22 - 



Routine control testa auch as aettleftble sollda, realdual 
chlorine, etc., can be conducted. At the time of the 
inspection, June 1-3, 1964, the laboratory had not been set 
up as yet. The city engineer will be assiated by the State 
Sanitary Authority in the aelection and performance of 
desirable control teats. 

3.2,2 Operation of the Plant 

The treatment plant was put into operation in the fall 
of 1963. As more homes in the municipality were connected 
to the sewer system, the plant loading increased. By the 
beginning of June, 1964, approximately one half of the 
homes were connected. Operating records showed an average 
daily flow of 147,000 gallons. There were no data available 
on BOO, HIiSS, percent settleable solids and dissolved oxygen. 
Presumably as a result of frothing during the early stages of 
operation, both rotors were operated Intermittently on an 
hourly cycle, e.g. 30 minutes on and 30 minutes off. 

A preliminary settling test, June Ist, a.m., showed 
9 per cent settleable solids after 30 minutes . The super- 
natant liquid was cloudy. Overall appearance was poor quality, 
although the sludge was light brown. At the time of sampling 
the north rotor was in operation, the sample being taken from 
the centre of the ditch from the walk bridge downstream of 
the rotor. The very small volume of settleable solids was 
remarkable considering the length of time the plant had 
been In op>eration. In the afternoon of the same day another 
settling test showed IB per cent settleable solids, this time 
both rotors were operating. Subsequent tests confirmed that 
both rotors were required to maintain the mixed liquor solids 
in suspension. When one rotor was turned off, the settling 
test showed approximately one half the settleable solids. 

The volume of the ditch amounted to 352,000 gallons. 
The total rotor length was 20 ft., or 17,600 gallons per foot. 
The recommended maximum for lined ditches is 16,000 gallons 
I>er foot of rotor. It was also observed that the rotors 
were striking the liquid with the wrong side of the blades, 
i.e., the first part to come in contact with the liquid was 
the web of the T-shaped rotor arms, rather than the flat 
blades. This condition may reduce the propelling force of the 
rotors , 
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When both rotors were operating on the one-hourly cyclee, 
a dissolved oxygen check was made at a point downstream of 
the north rotor from the walk bridge in the centre of the 
ditch to demonstrate the variation of dissolved oxygen with 
rotor operation. The reaulta werej 

the D.O, was 1,5 mg/l with both rotors on, 

the D.O. was 1.0 mg/1 with north rotor on and south rotor off, 

the D.O. was 0.5 mg/1 with south rotor on and north rotor off, 

the D.O. was 0.0 mg/1 with both rotors off. 

Also on the basis of these observations, it seemed necessary 
to operate both rotors continuously. 

On June 2nd and 3rd, several D.O, surveys were conducted 
on the aeration system. The rotors were running continuously 
since 4iOO p,ira,. June lat. The observed variation In diBeolved 
oxygen throughout the ditch was fairly consistent. Generally 
a D.O. between 1.0 and 1,2 mg/1 was found a short distance 
downstream of the north rotor, and downstream of the south 
rotor the D.O, ranged between 0.6 and 1.0 mg/1. Most D.O. 
measurements at the upstream ends of the ditch ranged from 
0.0 to 0,2 mg/1. One of the surveys was run in the evening 
starting at 7 i 50 p.m. There was no significant change in the 
distribution of dissolved oxygen in the system. 

In the afternoon of June 2nd, a D.O. survey was made about 
one hour after the south rotor had been turned off. A decided 
improvement was observed. Downstream of the north rotor, the 
D.O, was 1.5 mg/1, downstream of the south rotor 0.6 mg/1. 
At the north and south upstream ends D,0.'b of 1,0 and 0.7 mg/1 
were observed. Since part of the mixed liquor solids was not 
kept in suspension, the oxygen demand of the mixed liquor was 
reduced, and therefore the D.O.'s increased even though the 
supply of oxygen was reduced by 50 per centi 

The D,0. of the clarified effluent was measured twice. 
On June lat under cohditiofls of intermittent operation O'f the 
rotors, a D.O. of 1.0 mg/1 was obaerved. In the late afternoon 
of June 3rd, the clarified effluent contained 0.0 mg/1 D,0. 
The observed change in dissolved oxygen may have resulted from 
the changeover to continuous operation of the rotors. 
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Also in, the late afternoon of June 3rd, a D.O, survey 
was made across tha weet channel of the oxidation ditch 
downatre^am of the north rotor from the walk bridgs. lesulta 
are given in Table IV, 

Table IV 

Diatribution of DlasQlvad Oxygen Acrosa the West Cha.nn.al 



Diatance frofji weiit 
edge, feet 

D.O. mg/1 



3« 
0.0 



6* 



9« 
0,6 



12» 

0.3 



15 • 
0.,0 



IB" 
0.0 



A rather marked variation of dieflolved oxygen was observed, 
increasing from 0.0 mg/1 near either side of the channel to 
a majcimmi coneentration in the centre. It was not possible 
to determine the vertical distribution of D.O. Perhaps the 
observed variation was again the result of the incorrect 
mounting of the rotors. 

S^everal tests were carried out to determine the rat© of 
oxygen utilization of the miKed liquor. The reeults are 
sumnarized in Table ¥. 

Table V 

.Rates of QiKyqen Utilization and Eatea of Aeration 



Date 
1964 

June I 
3; 00 pm 

3t50 p«. 

June 2 
.10 lis am 
2il5 pn 



Teat 
No.. 



Temp. D.O. Re a p. Rate 
Oq mq/1 mq/l/hr. 



mg/l mq/l 



18.0 
1B..0 



15.0 
16 . 5 



1.8 

2.2 



1.0 
1.0 



10. a 

7.8 



1.5 

9..0 



9.05 7.25 

9.05 6.85 



9.6 5 
9.35 



B.65 
8.35 



KLa 



1.49 
1,14 



. 87 
1.08 



Kate oi 
Aeration 



13.5 
10 . 3 



B.4 
10. 1 



For these tests the dia.solved oxygen aaturat.ion value was as- 
aumed 95 per cent of the tapwater saturation value. The observed 
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utilization rates were again low, indicating a low organic 
loading. Tests Mo, I and 2 were run during the interroittent 
operation of the rotors; foir test MO', 1 both rotors were 
running, for test Mo. 2 the south rotor had bean turned off 
for 50 iminutea. Previous observational on settleable eollda 
and diaso'lved oxygen were confirmed by the rates oif o^xygen 
utilization: higher D.O^. and leas settleable sol ids corre- 
sponded to a lower utiltaation rate. 

Only the results O'f testa No, 3 and 4 can be used for 
estimating the actual rate of aeration, because the aeration 
eystem was assumed to- be atabilized under continuous operation 
O'f the rotors for at leaat 18 hours,. The average estimated 
rate of aeration is 9.2 mg/l/hr. in the raiKed liquor at 
0,0 mg/1 D.O. 

O'n the baaiis o^f tapwater aeration teat data, the oxy- 
genation capacity of the ay stem can be calculated. For an 
i:mniersiO'n of 6% in. and a speed of rotation of 8 5 rpii,, a 
2715-in. diameter cage rotor will disaO'lve 2. 6 lb, Oj per 
hour per foO't of rotox- (6) . However, since the rotors ware 
mounted incorrectly, the OC will be reduced to 82 per cent {7|, 
i.e.. O'.aa X 2 ,6 = 2.13 lb. 02/hr./ft. of rotor',. This value 
of OC is equivalent tO' 2.13 x 20' x I'O^' = 14,5 mg/l/hr. 

",35'2VO'0'0 x""ar.3'4 " 
Assuming that the 'Oxy'gen tran,sfer coefficient is re'duced 
to 85 per cent, when aeration occurs in, nixed liquor, and 
that the oxygen saturation value In ,mixed liquor La 95 per 
cent of the tapwater value, the available rate of aeration 
can be eatiraated at '0.85 x 0,.9-5 x 14,5 = 11,7 mg/l/hr. Thi,B. 
figUT'e compares reasonably with the rate O'f a'eration eiBtimat'ed 
from th'S rates of io:xygen utilization. 

In the absence of BOD results. f'Or the raw sewage aa wel,L 
as the clarified efflU'ent,, the design, criteria ,muBt be used 
tO' arrive at ap'pro,xiraate values for the 'OC/l'Oad ,ratiO',. At 
the time of the plant inspection the average fl'ow was 147,0i00 
gpd, corresponding t'O a contributory population O'f 147., OQ'O 

123 
= 1,200, and to an average BOD loading of 1,200 x: 0,18 = 21'6 lb. 
BODper day. The tapwater O'C is 2,13 x 20 x 24 = 1,022 lb. 
O2 per day. The OC/load = 10 2 2 = 4.7 lb. 02/lb,„ BO',D applied. 

216 
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It is possible, that the actual BOD load was greater than 
216 lb. per day, since the per capita flow rate may have 
been less than 123 gpd. This supposition can only be con- 
firmed by BOD analyses on 24-hr. composite samples of the 
raw sewage. 

The OC of the aeration system will be 2.75 lb. 02/hr./ft. 
of rotor y^en the rotors are correctly installed, operating 
at an iromersion of 7 inches. The design BOD loading is 
estimated at 630 lb. per day. The ultimate OC/load ratio will 
be 2.7 5 X 20 x 24 = 2.1 lb. 02/lt». BOD applied. Thus the 

6 30 
aeration system appears adequate for the design load. 

3.2.3 Maintenance 

No mechanical breakdowns have been experienced with the 
equipment so far. It should be noted, that size 2 speed 
reducers were used for the aeration rotors. Since both 
rotors were mounted incorrectly when the plant was constructed, 
the equipment supplier has agreed to replace the rotors in 
the fall of this year. 

The time required to operate the plant will be approxi- 
mately one man-hour daily, including routine tests in the 
eon t ^ol labor a t o ry , 

It would appear to be a drawback, that the immersion of 
the rotors cannot be adjusted, i.e., that the oxygenation 
capacity of the system is a fixed quantity. Another drawbaek 
of the plant design is the inaccessibility of the return 
d.udge, as it is pumped from the clarifier to the ditch. The 
only method of checking the quality of the return sludge is 
by wasting some to the drying beds. 

3.2.4 Capital Cost 

The construction of the plant cost $94,000.00. This 
amount does not include the collection system and a manhole 
on the plant property. An additional amount of $10,000.00 
was required for ten acres of land, of which nearly two acres 
were needed for a 2,800 ft. long access road. The remaining 
eight acres were used as plant site, although the fenced-in 
part of the site, on which the plant was built, occupied only 
three acres. 
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3,3 VIUAQB OF WILLIAMS lAKE^ B.C. 

Municipal Waste Treatment Plant, 

3.3.1 Description of Plant Layout and Contributory Popalation. 

The treatment plant was built to treat the domes tic waste- 
water frorn the south half of the town, replacing a municipal 
septic tank. The plant was located adjacent to the site of 
the septic tank. 

The treatment plant was designed for an estimated popu^ 
lation of 2,000 with a per capita flow rate of 90 gpd (75 Imp, 
gpd) , 

It was interesting to note that the oxidation ditch also 
served as a clarifier, due to intermittent operation of the 
rotor. This was the only plant of the intermittent type 
visited during the Inapeetion Tour, 

In an intermittent system wastewater cannot flow through 
the plant continuously. The original design, developed in the 
Netherlands (1), included an aeration period of 4H hr. followed 
by a settling period of 1*3 hr. Only during the last part of 
the settling period was sewage admitted to the ditch, displac- 
ing the clarified treated effluent over the diBcharge weir. 
With such a schedule of operation, sewage was stored in the 
wet well and the sewer system for a maximum of 5*s hr. 

hk Willimma Lake the design was considerably diffarent, 
becauBe the overflow device discharged only the upper 4 inches 
of liquid from the ditch after each settling period. The 
volume of the intermittent discharge was approximately eqpal 
to 9 per cent of the volume of the ditch. Asauming that the 
daily flow is equal to the ditch volume, the operating cycle 
of the plant must be repeated elaven times per 24 hr. 

Because of the Intermittent operation of the rotor, the 
abandoned septic tank was used as a holding basin for storage 
of the raw sewage flow. A timer-operated control valve 
allowed the required volume of sewage to flow into the ditch 
after the clarified liquid had been discharged. 
Aeration and circulation were provided by a 10-£t, long, 
27%-in, diameter cage rotor driven by a 10 HP motor. 
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The clarified effluent was diseharged into a nearby water- 
course. A small building housed the motor drive and speed 
reducer of the rotor, as well as the neeeaaary electrical 
controls. 

Only the sides of the ditch in the bends were concrete^ 
lined. Prior to and during construction of the plant 
several modifications had been made, so that the present 
ditch did not correspond exactly to available drawings. 
The volume of the ditch was estimated at approximately 
192,000 gallons (160,000 Imp. gallons). The plant was not 
equipped with a course screen or rack, a flowmeter and a 
chlorinator. A barminutor was to be installed later this year, 
in an attempt to reduce operating problems caused by raga. 

3.3.2 Operation of the Plant 

The treatment plant was put into operation on November 7, 
196 3, by filling it with the contents of the town septic tank. 
The extreme quality of that liquor was clearly indicated by 
a grab sample of the plant effluent, taken at 10 a.m. the 
same day, showing a BOD of 1325 mg/1. An effluent grab 
sample on November 27, 1963 contained a BOD of 85 mg/1, 
showing a significant improvement in the operation of the 
treatment process. A third effluent sample was taken on 
March 18, 1964; this contained 65 mg/1 BOD. These data give 
only an indication of the extent of treatment, because in- 
fluent BOD loadings are not available. 

The plant was inspected on June 9, 1964. The overall 
impression was that the process was of a very poor quality. 
A characteristic odour of oxygen deficiency was noticed, Gaa 
bubbles were rising to the surface in certain sections of the 
ditch, indicating the presence of septic sludge deposits. The 
mixed liquor solids appeared grey, A aO-minute settling test 
showed only 7 per cent settled solids by volume, the super- 
natant liquid contained significant quantities of floating 
and suspended solids as well as turbidity. 

A dissolved oxygen survey, conducted from 10 a,m. on, 
showed 1.0 mg/1 D.Q. a short distance downstream of the rotor 
and 0.0 to 0,2 mg/1 upstream of the rotor. At the start of 
the aeration period at 9s 50 a.m. the operating schedule was 
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clianged so as to increase the aeration period to two hours 
and to reduce the settling period from 50 to 30 minutea , 
Th© dissolved! oxygen Goncentrations did not change in tha 

eoursa of the aeration period, A D.O, survey conducted in 

the evening about 7'i45 p,m, showed a similar D.O, pattern aa 
observed earlier. 

It should be noted that operating experience in the 
Netherlands (1) with an interiiittent oxidation ditch showed 

a gradually increasing D.O. content of the mixed liquor 
during a 4% hr. aeration period. Maximum values oif 3 mg/l 
were observed. The lack of increase of the dlaaolved oxygen 
concentration over a 2-hr, aeration period would indicate 
that the oxygenation capacity of the system is inadequat© 
for the present loading. The OG might be increased by 
lengthening the aeration period above 2 hr. However, this 
would necessitate a complete mo'dif ieation of the effluent 
overflow device to permit a greater voluine to be discharged 
after each settling period. Ideally the overflow device 
Bhould discharge 1/4 of the average dry weather flow, 
resulting in only four operating cycles per day and therefoca 
a maximum OC of the system. 

Two teats were run to datenraine the rate of oxygen 
yti ligation of the mixed liquor. On both occasions samp lea 
were taken after identicai fractiona of the 2-hr, operation 
period. Values of 14.7 and 19.5 mg/l/hr. were obaervedp 
the higher value for a sample taken at 6; 10 p.m. The reaults 
Buggeated a higher oxygen requirement than could be expected 
from the observed quantity of aettleable solida in the mixed 
liquo^r, and also' higher than utilization rates observed at 
other oxidation ditch installationa. 

The obaerved operating conditions may have been the 

result of the particular atart-up procedure followed by 
Inadequata aeration until the date of the plant inspection. 
It is. likely that the deposits of septic sludge were partly 
the result of the start-up procedure^ However, the available 
rotor length, was inadequate for the ditch volume tO' provide 
the required circulation « The recomuiended ditch volume per 
unit rotor length in an unlined ditch is 13,000 gallons per 
foot of rotor (10,800 Imp. gallons) (5| „ The actual ratio 
was calculated as 19,200 gallona per foot of rotor. 
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From the measured oxygen utilization rates the oxygenation 
Capacity of the rotor may be estimated at zero mg/1 D.O. in 
the mixed liquor. An average value of 19.5 mg/lAir. was 
calculated, corresponding to 31 lb. OjAir. Although this 
figure might be subject to some error, as a result of the low 
average dissolved oxygen concentration of the mixed liquor 
and of the lack of increase of D.O. over the aeration period, 
it might be considered an approximate value and can therefore 
be used in the following discussion. The daily BOD loading 
may bo estimated at 2,000 x 0.17 = 340 lb. To satisfy this 
demand the rotor should supply the required amount of oxygen 
during the total aeration periods rather than a 24-hr. day. 
For the extended aeration period of 2 hr, the actual DC will 
be 2.5 X 31 x 24 = 620 lb. O2 per day. The OC/load ratio 

3 620 
becomes 340 = 1.8 lb. O2 per lb. BOD applied. Thus it appears 
that a 2-hr. aeration period may give satisfactory operation 
after steady state operating conditions have been a:hieved. 
However, in view of the above reported D.O. surveys, and 
because of the various assumptions for the calculated DC, it 
seems necessary to increase the aeration period in an attempt 
to satisfy the present oxygen requirement. An increased DC 
would facilitate a greater BOD removal, resulting in a build-up 
of the mixed liquor suspended solids, 

3^. 3 ., 3 Ma in t e n a nee 

NO mechanical breakdown had been experienced during the 
firat seven months of operation. About one man-hour daily was 
required for routine operating procedure and maintenance. 

It was interesting to note, that during last winter's 
cold spell no special precautionary measures were needed and 
that no operating problems were encountered. There was no ice 
build-up on the rotor, even with intermittent operation. For 
a weak low temperatures of 30 below zero ^F were recorded with 
corresponding daytime temperatures of zero *^F, For a period 
of a month low temperatures of about zero ^F were observed. 
Weather of this severity may occur in many areas of Ontario, 

3.3.4 Capital Coa t 

The cost of installation of the treatment plant amounted 
to $30,000. The land waa not included, because it is leased. 
The plant ia financed through a CMIIC village by-law over a 
period of 20 years. 

^ il - 



3.4 TOLI AGE OF MOWROSE . Bi.C. 

3.4.1 DaacriptiQn, of Pla nt Layout and Cont.riTaut.O'ry Population 

The treatinfint plant wae built to treat the domestic 
waatewatar from the village, replacing the individual 'howie 
septic tanks. TTie plant was constructed on a narrow liedge of 
the hillside at an elevation of approximately 100' feet leas 
than the average elevation, of the village. An oxidation ditch 
waa preferred over a lagoon,, because available land area waB. 
the controlling factor. 

The design population was estiwatedi at 1, 500' with a per 
capita flow rate of 96 g|Jd (80 Imp, gpd) , The present 
population was estimated at 950i. It was intereatlng to note, 
that the ditch waa deaigned and constructed for the design 
population of 1,500, but that the layout was roodified to 
be adequate fO'r the present loiading conditions by shortening 
the length of the ditch. Thus the capacity of the oxidation 
ditch was reduced fr'Ons, 142,,0'00i gallons, to 94,, 000 gallons 
(78,, 400i Imp. gallons). The design loading in terms of 5-da,y 
BOD may be e,atiiiiat©d at 1,500 x 0.17 =• 255 lb, BOD' ,pQr day. 

The treatment ,plant con„aists O'f a co,arae acree,n,, ,an 
oxidation ditch, a hopper-bottom Spiraflo clariflerp and, a 
ehlQri,ne eon tact chamber. 

Raw aewage flow,a into the plant by gravity, paB,Bing 
through a coarae screen, and through an, S-in. diameter pipe 
i,nto the ditch, about ten feet upatream of the rotor. Aeration 
and circulation of the laixed liquor are provided by a 6-ft, 
long ,27is-in. di,a,ra,at#r cage rotor,, ro'tating at 7 5 rpm driven 
by a 5-,HjP ra,otor. The irameraion of the rotor can. be varied 
by adjiUBtment o^f the effluent weir trough,, which i,a auspended 
frons ,a bridge across the clarifier by adjustable bolts. 
The mixed liquor flows from, the ditch by gr,a.vlty through a 
Bubnerged S-in, diameter pipe into the clarifier. Settled 
Bludga is pumped to the intake works, where it is nixed with 
the incoming raw aewage ahead of the coarse screen . Clari- 
fied effluent pasBea through a fully covered chlorine 
cointact tank,, and is dlacharged into the B,eaver Creek. Bludga 
drying beds had nO't been co,natruct,ed, although ther,© were Boma 
vacant areaa. i,naid,e the fenced-in, pl,an,t property,, which could 
perhaps be tu.r,nad infcO' drying beda when ,neceB,sary. 
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A small building was co«structed beside tihe ro'tOir on thiB 

outside of tha ditch. It contained the various electrical 
controls, the chloriiiatO'r and also the »otox, drive and speed 
reducer of the cage rotor. Minimal facilities were provided 
for roatine control tests auch as relative stability and 
residual chlorine,, 

3.4.2 Ope ra t ton of the Pla nt 

The treatment iBystem waei put ln.to operation in September 

1963, Giradually the plant loadinf increased as the houses in 
the village were connected to the collection aysten, and the 
d'Omestic septic tanks were emptied intO' the sewer. In tha 
©ar'ly stages ot operation serious trouble was experienced with 
frO'thlnig due to the Initially low organic loa.d, perhaps as 
a result O'f this the rotor was operated intermittently. 

The plant was inspected on June 11 and 12, 19€4, At 
that time the schedules of operation of the aeration rotor 

and the return eludge pump were interraittent as follQws.s' 
the rotor operated for 15 minutes, during which time the return 
sludge pump was at restj when the rotor stopped, the pump 
started up and ran for 15 rainutea, until the rotor started 
operating again and the cycle was repeated. The results 
of this procedure were an oxygen deficient, poor qpality mixed 
liqfuor,, depO'Sits O'f septic' sludge 0^0 the bO'ttom O'f the ditch 
and in the clarifier, both indicated, by gas formation and a 
poor quality, highly turbid effluent. To indicate qualita- 
tively the turbidity of the effluent, a reflecting surfaca 
disappeared from: sight only 5 inclnes below the liquid surface 
in the clarifier. The deposita of septic sludge may have 
originated from the draining of the individual septic tanks, 
when the homes were connected to the sewer syBtem,, The 
suspected oxygen deficiency was confirmed by a measured 
diissolved oxygen concentration of 0,2 mg/l downstream: of the. 
rotor from the walk bridge during the 15 minute aeration 
period. 

Continuous operation of both the rotor and the return 

sludge pump was recO'irumended as essential fO'r aatliaf actOicy 
operation of the treatment system. The intermittent Bchedule 
o.f operation was discontinued on June 11 at 2i30 p.ni. By 
5s 15 p.m. a small improvement was observed In the p,0'. 
coatent of the mixed liquor to Qi.S mg/l. 
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There were no operating records of the plant. Since 
the plant was not equipped with a flowmeter, the actual flow 
through the plant could only be estimated from water con- 
sumption records accumulated during the winter months. The 
average daily water consumption over a period from December 
1st, 1963 to March Slst, 1964 was 49,600 gallons (41,400 Imp. 
gallons) . For a population of 950 this amounted to a per 
capita flow rate of 52,2 gpd (43.5 Imp. gpd) as compared with 
a design rate of 96 gpd. Therefore the retention time of the 
ditch was 94,000 x 24 = 4 5.5 hr, rather than a design retention 

49,600 
time of 94,000 x 24 = 24,7 hr. 
950 X 96 

From several settling tests it could be concluded that 
the rotor was able to keep the settleable solids in suspension 
during intermittent operation. A settling test taken during 
a 15 minute aeration period showed 22 per cent settleable 
solids, compared with an average 19 per cent from three teats 
taken the following day after a minimum 19 hours of continuous 
operation of the rotor. The observed quantity of settleable 
BOlids indicated a fair build-up of mixed liquor solids. 
However, if the treatment process had effected a greater 
removal of organic material, the amount of settleable 
solids would have been greater due to cell synthesis. Al- 
though no BOD analyses were available, a qualitative inspection 
of the clarified effluent suggested that BOD removal was far 
from complete, thus keeping cell growth to a minimum. 

Two D.O, surveys were carried out on June 12th. Down- 
stream of the rotor at the walk bridge dissolved oxygen 
concentrations of 1.4 and 1,2 mg/1 were measured. At the 
upstream end the corresponding D„0.*3 were 0,0 and 0,5 mg/1. 
Continuous operation of the rotor resulted in a significant 
improvement of the mixed liquor dissolved oxygen content. 

The rate of oxygen utilization of the mixed liquor was 
also measured on two samples taken in the afternoon of June 
12th. Values of 11,7 and 17.5 mg/l/hr„ were obaervad. The 
wide difference between the two results, combined with the 
change from intermittent to continuous operation on the previous 
day, did not warrant the calculation of rates of aeration at 
zero rog/1 D.O. in the mixed liquor. 
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Measurements showed that the rotor operated at an 
immersion of 10 inches. The oxygenation capacity at this 
inmersion is 3,0 lb, per ft. of rotor per hr. This is 

equivalent to 3.0 x 6 = 18 lb. Og/h*^. ^^ 18 x 10 6 =* 23 

94,000 X 8.34 
mg/l/hr. When the effects of mixed liquor on aeration are taken 
into account, the rate of aeration at 0,0 mg/1 D.O, becomes 
0,86 X 0.95 X 23 = 18.5 mg/l/hr. It is significant that this 
value exceeds the measured rates of oxygen utilization. 

Since the net power required to operate the rotor at 
75 rpm and an inunersion of 10 inches is 4.9 HP (6), the 
liquid level in the ditch should be lowered to prevent 
overloading of the drive motor. If the immersion is decreasedl 
by 2 inches, the oxygenation capacity will be reduced to 
2,5 lb. per ft. of rotor per hr. The available rate of 
aeration will then be 2.5 x 18,5 = 15.4 mg/l/hr., which may 

3.0 
be expected to be adequate for the oxygen requirement a of the 
process, once the ill effects of the previous intermittent 
operation have been overcome. Under continuous aeration the 
rate of oxygen utilization will decrease to a value less 
than 15 rag/l/hr,, also as a result of removing the deposits 
of septic sludge from tte bottom of the ditch. 

The OC/load ratio can be calculated from the BOD design 
criteria. The present population of 950 is assumed to 
contribute a load of 950 x 0,17 i= 161.5 lb, BOD per day. At 
an immersion of 8 inches the OC =• 2.5 x 6 x 24 = 360 lb, O2 
per lb. BOD applied. When the fiOD load increases to the 

deaign load, the OC/load ratio becomes 360 = 1,41 lb, 

1500 X 0.17 
O2 per lb, BOD applied. Therefore rotor length must be 
increased to meat the increased oxygen requirements, 

A 6-ft, rotor will provide adequate circulation in the 
shortened ditch, as shown by the ditch volume per foot of 
rotor t 94,000 » 15,600 gallons per foot of rotor. The 

6 
suggested maximum is 16^000 gallons (or 13,300 Imp. gallons) 
per foot of rotor. However, when the ditch is extended to its 
full use, additional rotor length must be installed to keep 
the ditch volume per foot of rotor below 16,000 ghllons. The 
volume of the ditch is increased by 48,000 gallons. Tiie extra 
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rotor length will be 48,, OiQQi = 3 feat. Therefore the oxygena- 

16,0'00i' 
tion capacity will be increased by 3 x 2.5 x 24 = IBO lb. 
p«r day, fiving an ultimate OC/load ration of .360 4^ 160 -■ ' 

1500 K^O.17' 
2.12 lb. per lb. BOO applied. TIIh slioiild 'be adequate 
for effiellnt Oiperatlon of the treatment process. 

3.4.3 Maintenance 

Soma diiff icultiee were experienced with the rotor drive 
meehanism. A ao-ealled gear belt drive was uaed, but the 
'belt broke on eeveral occasions. It was felt that the 
positive drive was unsat laf actory for this particular 
application,, and that It ahould be replaced with a regular 
V-belt, thus allowing aoine a Up between the motor and rotor 
shafts . 

The time needed for routine operation of the plant was 
approKimately one inao,-hour daily. Routine duties included 

manual cleaning of the coarae screen, and scraping down of the 
hopper bottom of the clarifier to prevent the accumulation 

of aludge. The gravity line,^ through which the raw eewago 
and return sludge flow from the Intake worka to the ditch, 
eloga occaelO'nally, presumably as a reault of solids settling 
out in, the line during perioda of low flow, ThiiB may be 

co^nflildered a drawback of the design, of the plant, 

3.4.4 Capital Coat 

The plant was constructed, at a total cO'St of |31,, 000 
toeing fl,nanced by a bond l.ssue over a period of twenty years. 
The la,nd area and the collection syatem were not included. 



- 36 - 



3.5 CITY OF EEGINA. SASKATCHEWAM 

filot plant for tho traatiRant of nunicipal waatewater. 

3.5.1 peacrlption of the Plant Layout 

The pilot scale oxidation ditch formed part of a long 
term reaearch program, undertaken by the City of Reglna to 
determine a suitable ineane of treatment to replace and extend 
the existing overloaded municipal treatment plant. 

Two unused aeration tanks, each measuring 82 ft. long 
by 9*1 ft, wide by 11 ft. deep, were converted to an oxi- 
dation ditch-type circuit (8,9). Two sections of the common 
wall were removed one at each end of the tank. Both ends 
of the combined tanks were built in with concrete at a 10-ft, 
radius to prevent sludge deposition in the corners. An 
average liquid level of 4 feet was maintained in the ditch. 
A 3-ft. long 27*5 in. diameter cage rotor was mounted in one 
tank about 6 feet below the top of the tank wall. The 
volume of the ditch was 48,000 gallons (40,000 Imp. gallons) 
for a 4-ft. liquid level. 

A hopper-bottonied settling tank waa built in a third 
aeration tank. The settling tank measured 9 ft. 4 in, long 
by 9 ft. 2 in. wide and 9 ft. 3 in. deep. The walls of the 
hopper section were eloped at a 6Q^ angle. An overflow weir 
was Installed aloncf one side only. 

The pilot plant feed stream was taken from the main plaiit 
flow after comminution and grit removal. It entered the 
oxidation ditch by gravity from a weir box. In this way 
the flow rate could be set and kept constant at certain 
selected levels. The mixed liquor was pumped from the ditch 
into the settling tank. The settled sludge returned to the 
ditch by gravity. The clarified effluent discharged over th« 
weir through a channel into a barrel, from where it was 
pumped through a water meter for flow measurement, 

3.5.2 Operation of the Plant 

The pilot plant waa put into operation in March 1963, 
and waa in continuoua operation till July 1964. Due to the 
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natiira of the pro^ject detailed operating reco^rda were kept, 
Attentto'n was given not only to. BOD removal and fluapended 
solids reduction, but also to the concentration in the 
affluent of free ammonia and nitrates, 

Th© eKperiinental work w.aa, carried out in three Main 
stages, the retention time in the ditch being the iiajor 

yariable. Retention timaa o€ 2,7, 1»5 and 1,0 daya 
respectively were selected. Experimental conditions were 
held essentially constant over a period of three to. four 
months,, ao as to achieve steady operating conditions.. 

•Ambient conditions could not be controlled. 

Operating results ahowed BOD removal efficiencies ranging 
from S? to 96 per cent producing effluents with BOD 
concGn,trations from 15 to. 30 m.g/1. These data wer.a o.btain.e.d, 
in the period o.f July to .O.ct.obier, 196 3, when the re.tanti.on 
time in th.e dit.ch waa kept co.ns.tant at appr.oxira,.ately 2,7 daySj. 
During the winter p.eriod from November 196 3 to February 1964^ 
the daily flow was increased, redu.cing the retentio.n time to. 
1. S days, 'The BOD removal effici.ency varied betw.6en BO' and 
8.8 per .c.entj raoat .of the effluent B.OD results w.ere in th.© 
ran.ge of 30 to. 40 mg/l. With a further •dacre.as.e of retention. 
tim.e t.o 1.0 day .at the end of February 1964, B.OD reraO'Val 
■ef f icie.n.cie6 re.fflaine.d of the same or.der .of ma.gnitud.e as 
obei.erved .durin.g th.e win,ter period. 

However, BOD rem.oval improve'd in the first half Q.f May,, 
resulting in .effluent BOD' a of iQi to 15 mg/l which correapondod 
to reni.oval .ef f ici.en.cies of the or.der .o.f 95 p.er cent. It 
should be n.oted that thro.ugh the 3e.co.n.di half o.f May and the 
ino.nth of June the effluent .quality detario.rate.d SiOiiewhat 
showing a small increase in BOD to 25 and 35 m..g,/l. 

Until early Deceiuiber 1963 Bl.gnif leant con.centrationB 
of nitritea were foun.d in s.amplea o.f the clarified effluent,, 
ranging fr.oro 2 to 2:5 mg/l. In the same period the oarre3p.Q.nding 

free aiMm.onia cO'ttcentratlons O'f the .effluent rea'Ched a 
maximum of 14 ni.g/1,. FrO'im then on,, a marke.d ro.duction of 
nitrites. o..ccu.rred toi an.d 3 rag/1. Thie free ammonia c.ontent 
increa8.e.d to 25 in.g/1. It is p.o.a.3ible that the hiylier NH.3 
c.on.cent rat ions caua.e.d th.e BOD of th.e effluent to increase^. 
prO'Vlded that nit.rifylnf OiirganlsiiBS were .atill preaant,. 
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In this connection it ia of interest to note how PaBvear {1| 
detarmined an overall BOD on effluent samples, and by 
pasteurization and seeding determined the iion-ammoniacal BOD, 
In most samplea with an appreciable NH3 content the pasteuri- 
zed fraction showed a significantly lower BQD. 

Mixed liquor suspended solids were generally kept at 
approximately 6,000 mg/1. To achieve it, regular wasting 
of excess sludge was necessary. In spite of the relatively 
high MX.SS, there was no indication of sludge deposits in the 
ditch. The rotor provided adequate circulation to maintain 
the solids in suspension. When the ditch was operated at 
the normal liquid level of 4 feet, it contained 48,000 gallons 
(40,000 Imp. gallons). Thus the design criterion of 16,000 
gallons per foot of rotor was satisfied. 

The plant was inspected on June 16, 1964. The 
retention time was approximately one day, showing that the 
experimental conditions were still the same since the end of 
February. The concentration of MLSS was 6,050 mg/1. A 
settling test showed 95 per cent settleable aolids after thirty 
minutes, but with a clear supernatant liquid. 

Three D.O. surveys were carried out in the course of 
the day. At a point 6 feat downstream of the rotor in the 
centre of the ditch near tlia surface ot the liquid, the 
dissolved oxygen remained virtually constant at 1.5 mg/1. 
At the downstream bend the D.O. decreased from 0.3 mg/1 in 
the morning to zero in the afternoon. Six feet upstream of 
the rotor, near the liquid surface, the D.O. remained at 
zero mg/1 throughout the day. The clarified effluent 
contained 0.0 mg/1 D.O. prior to discharge over the weir. 

Local conditions permitted the measurement of dissolved 
oxygen distribution across the ditch and along the depth. 
The cross-section of the ditch Immediately downstream of the 
rotor was selected. The dissolved oxygen was non-unif ormly 
distributed as shown by the following reaultaj while the D.O 
in the centre of the ditch near the surface remained at 1.5 mg/1, 
the average D.O. near the walls was 0.3 mg/l, and near the 
bottom in the centre of the ditch a D.O. of 0.2 rag/1 was 
observed. These data indicated that a cross-section of 10 ft. 
by 4 ft. could not be aerated to a uniform dissolved oxygen 
concentration by a 3-ft. long cage rotor. 



~ 39 - 



On tlie day of the plant inspection the liquid level in 
the ditch was 49 inches, corresponding to a rotor inunersion 
of 7 inches. The speed of rotation of the rotor was 80 rpra, 
giving an oxygenation capacity of 2.5 lb. O2 per hr. per ft. 
of rotor, or 2.5 x 3 x 24 = 180 lb. O2 per day. The average 
BOD loading was 80 lb. per day. Therefore the OC/load ratio 
was 180 = 2.25 lb. O2 per lb. BOD applied. 

ftO 

The aviailable rate of aeration in mixed liquor can be 
determined when the effects of mixed liquor on oxygen trans- 
fer are allowed for. Due to the high MLSS concentration, 
a 10 per cent decrease is assumed for the oxygen saturation 
value as compared with tapwater. The transfer coefficient 
in mixed liquor is assumed to be 85 per ^f^nt of its value 
in tapwater. The available rate of aera^xon then becomes 
2.5 X 3 x 0.85 X 030 x 10^ - 14 mg/lAr. at zero mg/1 D.O 
49,000 x 8,34 

The rate of oxygen utilization of the mixed liquor was 
also determined. From three testa an average rate of 19.7 
•ng/l/hr. was calculated. Thus the rate of oxyyen utili- 
zation was significantly greater than the calculated rate 
of aeration. Although a dissolved oxygen concentration 
of 1.5 rag/1 was observed downstream of the rotor, the 
average D.O. in the ditch was probably less than 0.5 mg/1. 
In the presence of such low D.O. concentrations the quality 
of the mixed liquor will deteriorate, resulting in an 
increased rate of; oxygen utilization and a further decrease 
of the residual D.O. 

On the basis of the design criteria of t>ie oxidation 
ditch, viz. OC/load ratio, BOD loading c»nd retention time, 
the pilot plant should operate satisfactorily under the 
current experimental conditions. The ueration cliardcter- 
istics of the rotor might improve when the MLSS are reduced 
to 4,000 mg/1 or less. When the residual D„0. increases, 
the rate of oxygen utilization should decrease to a value 
more in line wifti the available rate of aeration. 

3.,5.3 Cap itai Coa t and Mainten ance_ 

Because the oxidation ditch was installed as a reaearch 
project, information on the capital coat wis not obtained. 
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since a full-scale oxidation, ditch could not be coflstructed 
in aa economical a way as the pilot plant, 

Operatoc time,, as requ;ired for operation of the plant 
and cheraical analysis of da, ily a,ainple3 over the paat 15 montha,! 
would not b© applicable tO' a full-aca,la in,atallatl.on. 

The only mechanical failures th„rou,ghout tha period Q',f 
operation of the pla,nt were experiencad on the rotor bearinga 
on the drive aide. The bearings were replaced ie,ve.ry six 
nonth,a ., 

During the winter operation an ice hoO'd extended from 
the supporting Btructure on both the upstream and do^wnstream 
sides. When warmer weather parniitted the ice, hood to dla- 
appa,ar, a plywood cover was, built i,n the place of the natural 

ic© hood. Although fl.oiie iee formed on the ditch, extending 
from the: axpoaed tank wall, never was the ditch fully ice 
covered. However, the tank walla, ri,3lng about 6 feet abova 

the liquid surface, may have had a shaltering effect. 
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3.6 SUMMARY OF FIELD OBSERVATIONS 

1) The operation of several of the full-scale plants left 
something to be desired due to the lack of experience of the 
operators with the oxidation ditch aewage treatment process . 
In some instances inadequate instruction in the routine 
operating methods and the running of control tests was evident. 
The correct aampling technique and method of analysis of 
dissolved oxygen were emphasized, especially in two cases 
where erroneous D.O. results had led to poor operating 
conditions . 

2) As a result of preliminary observations at each plant 
changes were recommended and effected in the operation of 
the plants. For that reason the recorded observations were 
not necessarily an indication of average operating conditions. 
Due to the nature of the inspection tour, a follow— up 
Investigation was not possible. Only at Beaverton, Oregon 
could the plant be visited again a week later to deterroine 
the affects of sludge wasting. However^ no significant 
improvement was observed. 

3) That the oxidation ditch was capable of BOD removal 
efficiencies of 90 per cent and greater was confirmed by the 
operating records of the Beaverton and Regina plants. Both 
plants were equipped with a clarifier, but the intermittent 
oxidation ditch cannot be rejected solely on the basis of the 
unsatisfactory results at Williams Lake. 

4) In all cases an activated sludge had accumulated, although 
the quality and quantity varied over a wide range. The 
quality of the mixed liquor usually indicated the overall 
condition of the treatment process. At Beaverton and Regina, 
the mixed liquor contained suspended solids in the range of 
6,000 mg/1, and sometimes higher. The settleability was 
rather poor, resulting in sludge volume index values of 

150 ml per gr , per 30 minutes. 

5) Dissolved oxygen surveys showed generally lower D,0.'a 
than in a conventional activated sludge system. Maximum D.O.'b 
of up to 1.5 mg/1 were found a short distance (i.e. from 

5 to 20 ft.) downstream of the rotor. Minimum values down to 
0.0 mg/l were observed upstream of the rotor. The clarified 
effluent contained low D.O. concentrations near 0.0 mg/1, l.a, 
before being discharged from the clarifier. 
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6|i Speeial 0,0. eurveya at .Stay ton and Regina showed that 
diBaolvod oxygen was not dlflitributed uniforrnly acroiBfl the 
width O'f the" ditch, 15 ft. and 6 ft. respectively downatwaa, 
of the rotors., 'Th,a aaKliauin D.O. occucrad in the eentre oi£ 
the ditch, At Regina it was alBo found, that at thO' centra 
of the ditch the D.O, near the bottom was significantly lesB 
than th© D.O* near the aurface, 

1| Winter operation proved no probleiu at leaviBrton and 
B.tayton becauae of thi© mild elimate in tha area. Wo spa.cial 
preca'utiona were nacoauary to facilitate operation at 
Williaiie Lake in apitei of rather aevare winter weather. At 
Regina a plywoo'd cover constructed over the ro^tor enauredi 
troubla free operation throughout tha winter,, 

81 .Mechanical maintenance varied froii nil at florae planta 
to iqulte extensive in one case. *I*he extent of required 
maintenance could generally bo related to equipment deaign 
and aelection of component parts. 
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4 . ECONOMICS 



The capital costs of existing Inatallatlons are 

Bimiiiarized in Table VI, The amounte repreaent the total 
cost of the plant excluding the land area occupied by the 
plant . 





Table 


VI 






Capiti 


al Coat of 


Ins 


tallation 




Location 


Population 


i_ 


Cost 


Funds 


Beavarton 


1,900* 




$ 66,000 


U.S. 


Stayton 


3,500 




94,000 


U.S. 


Williams Lake 


2 , 000 




30,000 


Can. 


Montrose 


1,500 




31,000 


Can. 



* Note - in the absence of design data, the equivalent 
population was eatimated. 

For an accurate evaluation of the recorded coat data 
they should be compared with the cost figures of lagoon 
aystems under similar conditions. Cost studies in Oregon 
indicated that the capital cost of oxidation ditch plants 
was of the same order of magnitude or marginally greater 
than the cost of lagoons. Similar studies in British Columbia 
showed, that in each of three cases, the oxidation ditch was 
more expenaive than a lagoon. In both studies an oxidation 
ditch plant was taken to consist of a concrete lined ditch 
and a clarifler. 

The tabulated figures compare rather favourably with 
average costs of lagoon systems in Ontarioi $63,000 for a 
population of 2,000, and $122,000 for a population of 5,000. 
The coat of the required land area is not included. To 
establish the economic feasibility of the oxidation ditch 
it is not sufficient to take note of the actual costs of 
existing inatallatlons in relation to the respective design 
contributory populations. 



- 44 " 



A recent survey of aeviage traatment facllitieB in Sweden 
(10) showed a total of 79 oxidation ditch plants in operation, 
all except one aervlng populationa Binaller than 1,000. Most 
plants were in continuous operation and were therefore equipped 
with clarifiers, A coat corapariBon of plants for a range of 
populations from 100 to 2,000 people ahowed the oxidation 
ditch to be more expensive than the lagoon. 

Because of the variation of land costs and the marked 
reduction of land requirements of an oxidation ditch compared 
to a lagoon^ the oxidation ditch may prove to be more 
econoinical in specific locations in Ontario^ 

The annual operating costs of an oxidation ditch plant 
will bo consider ably higher than for a lagoon. Power ip 
required for the comminutorp rotor and return aludg© pump. 
Mechanical maintenance costs liuat be included, as well as 
daily operator time of one man-hour. Engineering studies 
in British Columbia estimated the annual operating and 
maintenance coats to range from $3,000 to §4,500 for design 
populations ranging from 3,500 to 6,000 persons. Aetual 
average annual operating and maintenance coats were not 
obtained for the inspected installations. 
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CONCLUSIONS 



1) On the basle of field observations the oxidation ditch 
provides adequate treatment under suitable operating condltiona 
Effluent quality la similar to that achieved with the 
conventional activated sludge process, provided that the mixed 
liquor Buspended solids content can be maintained at a 
constant level of about 4,000 mg/l by regular wasting of excesi 
sludge. If the mixed liquor solids are allowed to build up 
until the system reaches a balance, solids will be wasted 

in the plant effluent, increasing its suspended solids and 
BOD content. Therefore, the BOD and suspended solids removal 
will be less, approaching that of an extended aeration system, 

2) An oxidation ditch treatment plant should consist ofi 
an oxidation ditch, a clarifier with return sludge pump and 
skimming device, sludge wasting facilities, plus any other 
equipment which may be considered necessary, 

3) Design criteria follow, which are mainly applicable to 
the treatment of domestic sewage (2,5). 

pitch volume can be calculated from the BOD loading, 
v^ich is not to exceed 13 lb, BOD per day per 1,000 cu, 
ft, of ditch volume, and from the retention time of 24 hr« 
at average design flow. 

Required rotor length is calculated from the oxygen 
requirements of the system of 2 lb. 02 per lb. BOD 
applied. The test data obtained at the Iowa State 
University (6) should be used. To provide adequate 
circulation, the ditch volume per foot of rotor should 
not exceed 16,000 gallons (13,300 Imp. gallons) for a 
concrete lined ditch. More rotor length la required for 
an unlined ditch, since the ditch volume per foot of 
rotor is reduced to 13,000 gallons (10,800 Imp, gallons)* 

Liquid depth in the ditch may vary from 3 to 5 feet. 

The clarifier should provide a retention tlwe of 3 hr, 
and a return rate of 100 per cent at average design flow, 
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W»an the sludge wasting facllltiea consist of drying 
beds, an area of 1 sq. ft. must toe provided per 
population equivalent. 

4) Although the oxidation ditch was originally designed 

as an unlined, dug ditch, and although a good number of this 
type of installation in Europe has given satisfactory results, 
experience with unlined ditches in British Columbia has 
generally been unsatisfactory. Intermittent operation proved 
also unsatisfactory. Therefore, only a concrete-lined 
oxidation ditch equipped with a clarlfler should be accepted, 

5) Available literature and operating experience have not 
indicated an upper limit for the design population, for which 
an oxidation ditch would still be preferable. Moat plants 

In Europe were built for populations smaller than 3,000. 
The existing installations in Canada and the United States 
serve populations ranging from 1,000 to 3,500, while several 
plants are being designed for populations of 5,000 and 6,000. 
Perhaps a design population of 10,000 is a reasonable maximum, 
because of the large area required for a plant of this size. 

6) Although the average operator time required for operatioii 
of the Inspected Inatallationa is approximately one man-hour 
daily, it la realised that the actual operator time will depend 
on the maintenane© raquir amenta of a particular Installation. 
But in any event, an oxidation ditch plant can be operated on 

a part-time basis. 

7) Operation under winter conditions should not give 
serious problems in Ontario, particularly when the ditch Is 
In continuous operation. It would appear an added disadvan- 
tage to suspend the rotor from an overhead structure, since 
this facilitates an ice build-up on that structure. If 
necessary a protective cover can be erected over the rotor 
for the duration of the cold weather. Experience In Europe 
has shown that purification of the wastewater continued even 
when the ditch was fully ice-covered, as long aa the rotor 
remained In operation. 
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8) As a result of the fluctuation of dissolved oxygen in 
the ditch between concentrations of 1.5 and near zero mg/l, 

the clarified effluent is usually very low in dissolved oxygen. 
When the BOD is low also, the lack of oxygen will not be a 
drawback provided that the effluent can be aerated^ before it 
reaches the receiving stream. There Is some recent evidence (2), 
that a dual process occurs in the oxidation ditch, viz. nitri- 
fication followed by denitrif ication, due to the regular 
fluctuation of the dissolved oxygen. Thus an effluent could 
be produced that is low in BOD aa well as ammonia and nitratea. 

9) Operating experience has proven it desirable that the 
immersion of the rotor can be adjusted. This could be 
accomplished by installing an adjustable overflow weir on the 
ditch, or on the clarifier when the liquid level in the ditch 
is controlled by the liquid level in the clarifier. As 
suggested under No, 7 in the foregoing, the rotor should 
preferably not be mounted on an overhead support, to prevent 
problems with winter operation. 

10) Since an adequately designed and properly operated 
oxidation ditch is entirely odour-free, in spite of occasion- 
ally low dissolved oxygen concentrations in certain sections 
of the ditch, the plant may be located In close proximity to 
residential or commercial areas. This would result in a 
considerable reduction of the required length of sewer lines 
conveying the raw sewage to the plant, 

11) Where land values are high, or where flat land is 
scarce, the oxidation ditch should be considered more suitable 
than a lagoon, because of the much smaller area required. 
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6 » RECOMMEHDATI 0H3 



1) It ifl reGommanded, that the OKldation ditch ba accepted 
as a meana of Becondary treatment of wastewater of small 
municipalities, euitable for inatallatlon in Ontario, fhe 
oxidation ditch offers an alternate choice to treatment bf 
conventional or aerated lagoons, A preliminary study by 
the GOnaulting engineer ahould indicate which treatment 
proceaa la economically feaalbla for a particular location, 

2) Vhe fir at oxidation ditch ina tailed in Ontario ahould 
be Bubjected to a thorough investigation to confirm the 
European expar lance. Special attention should be given to 

the oxygenation capacity of the rotor under procesB condltlona, 
and to the reduction of free ammonia and the production of 
nitritea and nitratefl. 
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